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ABSTRACT
Bromophenols have been identified as key off-flavor compounds found in seafood. In this report, a new method of capillary
zone electrophoresis (CZE) was established for simultaneous assay of five bromophenols, 4-bromophenol (4-BP), 2,4,6-tribromophenol
(2,4,6-TBP), 2,4-dibromophenol (2,4-DBP), 2-bromophenol (2-BP) and 2,6-dibromophenol (2,6-DBP), in seafood. The optimum buffer
system was 20 mM borate-NaOH buffer (pH 10.00). Voltage was +30 kV and the ultraviolet absorbance detection at 280 nm. The column
was an uncoated 50 µm ID fused-silica capillary. Regression equations revealed linear relationships (correlation coefficients: 0.9990,
0.9998, 0.9997, 0.9999 and 0.9989) between the peak area of each compound and its concentration. Calibration curves were constructed
in the range of 18.8 - 1200, 15 - 960, 9.4 - 600, 10.6 - 680 and 3.0 - 370 mg/mL for 4-BP, 2,4,6-TBP, 2,4-DBP, 2-BP and 2,6-DBP,
respectively. The relative standard deviations of migration times and peak areas were < 2.1% and 4.9% within one day, respectively.
The recoveries of bromophenols were 91.5 - 103.4%. The detection limits (S/N = 3) of 4-BP, 2,4,6-TBP, 2,4-DBP, 2-BP and 2,6-DBP
were 1.6, 1.9, 1.2, 0.9 and 1.4 mg/mL, respectively. The effects of several CE parameters on the resolution were studied systematically.
Compared with liquid chromatography, the method described here is relatively rapid and can give symmetrical peaks. The contents of
5 bromophenols in seafood (Trachypenaeus curvirostris and Lepidotrigla microptera) were determined with satisfactory repeatability
and recovery. The contents of 4-BP, 2,4,6-TBP, 2,4-DBP and 2,6-DBP in T. curvirostris were 3.9, 2.5, 7.3 and 0.6 ng/g, respectively. The
feasibility of this method for the determination of bromophenols in freshwater fish and crustaceans (Macrobrachium nipponense and
Carassius auratus var. Pengzesis) also tested. The result indicated that these flavor compounds in freshwater fish and crustaceans were
lower than the detection limits mentioned above.
Key words: bromophenols, capillary zone electrophoresis, flavor compounds, seafoods

INTRODUCTION
The bromophenols have been identified as the offflavor compounds in a wide variety of seafood species like
fish, mollusks, crustaceans and algae(1-6). Moreover, these
off-flavor compounds are widespread in seafood but were
virtually absent in freshwater fish and crustaceans(7). Of
these compounds, when present in low concentration levels,
the off-flavor of 2,6-DBP and 2,4,6-TBP is described as
iodoform-like and the off-flavor of 2-BP as phenolic/iodinelike(8,9). Two other bromophenols of 4-BP and 2,4-DBP
possess weak phenolic-like off-flavor. Alone or in combination, these five bromophenols could enhance the off-flavor
* Author for correspondence. Tel: +86-531-8364750;
Fax: +86-531-8242174; E-mail:yuemeie@qust.edu.cn

of seafoods when added to the diet of artificially cultivated
seafoods(10). The algae-containing feed was used to forfify
the bromophenol content in aquacultured fish and the effect
of such feeds on the flavor quality of the fish need to be
evaluated. Therefore, identification and determination of
bromophenol compounds play an important role in the
quality control of seafoods and the characteristics of the
marine environment.
Several methods such as liquid chromatography (LC),
liquid chromatography-mass spectrometry (LC-MS)(11,12)
and gas chromatography-mass spectrometry (GC-MS)(13-15)
have been established to determine contained in seafoods
or water the bromophenols. In those methods, various techniques have been applied to the extraction of bromophenols
from samples, including simultaneous steam distillation
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extraction (SDE), direct liquid-liquid extraction (LLE) and
solid-phase extraction (SPE). The bromophenols are either
analysed directly or derivatized prior to analysis. However,
none of these methods of LC and GC-MS is entirely
adequate since large amount of organic reagents and many
operation steps are often required. Recently, owing to its
high resolving power, low solvent consumption and simple
pretreatment, capillary electrophoresis (CE) has been used
as an attractive method for separating and monitoring food
contaminants and additives(16-20). Ohashi et al.(21) have
determined 4 flavor components (vanillin, ethylvanillin,
2-methoxyphenol, and 2-ethoxyphenol) in cocoa drink by
CE. A non-derivative method was developed to analyze flavor
components of methiin and alliin in vegetables by CE(22).
Craston et al. reported a CE method for the determination
of gellan gum in food products(23). Although the analysis of
phenolic compounds by CE in water was reported(24), only
two bromophenols were separated. Moreover, due to the use
of the negative applied voltage, the migration time was over
15 min. To the best of our knowledge, the determination of
5 bromophenols in seafood by CE has not been reported.
Therefore, the aim of this work was to develop a fast, simple
and economic CE method for the identification and determination of the above-mentioned 5 bromophenols in the extract
of seafood and freshwater organisms.

MATERIALS AND METHODS
I. Apparatus and Conditions
Experiments were carried out on an Agilent HP3D capillary electrophoresis system (Agilent, Palo Alto, CA, USA)
with a photo diode array detector. The applied voltage was
held constant at 30 kV. The column was an uncoated 50 µm
ID fused-silica capillary with a total length of 60 cm and
an effective length of 51.5 cm (Yongnian, Hebei Province,
China). The temperature of the capillary cartridge during
electrophoresis was maintained at 25°C and UV detection
was done set at 280 nm. Before each use, the capillary was
rinsed with 1 M NaOH for 10 min, and then with water for
10 min; it was then conditioned with running electrolyte for
10 min. Between runs, the capillary was rinsed with water
and electrolyte for 5 min each. Samples were loaded by pressure injection at 50 mbar for 5 s.
II. Materials and Reagents
T. curvirostris, L. microptera, M. nipponense and C.
auratus var. Pengzesis were purchased from the seafood
market of Qingdao. The 5 bromophenols of 4-BP, 2,4,6-TBP,
2,4-DBP, 2-BP and 2,6-DBP (molecular structures shown
in Figure 1) were from Aldrich (Milwaukee, WI, USA)
with purities ranging from 97 to 99%. All chemicals were
of analytical-reagent grade from Beijing Chemical Factory
(Beijing, P.R. China). Deionized water was used throughout
the experiments. All solutions and samples were filtered
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Figure 1. Molecular structures of 4-BP, 2,4,6-TBP, 2,4-DBP, 2-BP
and 2,6-DBP.

through a 0.45 µm syringe filter of cellulose acetate.
The buffer solutions containing borate buffer
(10 - 50 mM) adjusted to the desired pH with 0.1 M HCl or
0.1 M NaOH, were all filtered through a 0.45 µm membrane
filter and degassed prior to use. A standard solution of
2 mg/mL of each bromophenol was prepared in acetonitrile, filtered, and degassed by the same procedure as for
buffer solutions. They were stored at 4°C in the brown glass
flasks. Various concentrations of the sample solutions were
prepared by appropriate dilution of the stock solution with
water when needed.
III. Sample Preparation for Capillary Electrophoresis
The samples were prepared as described in the literature(15) with some modifications. Five hundred gram flesh
sample of T. curvirostris, L. microptera, M. nipponense and
C. auratus var. Pengzesis were separately homogenized in
1 L deionized water and the homogenates were acidified to
pH 1 with 10 M sulfuric acid and were left to stand at ambient
temperature (25°C) about 24 h. The homogenate was transferred to a volatile oil extractor, in which 20 mL diethyl ether
was added to the collector. After reflux distillation for 5 h, the
diethyl ether containing the volatile components was concentrated at 20°C, with a gentle stream of ultra pure nitrogen.
The concentrated extract was dissolved in 0.1 mL acetonitrile
and stored in dark-glass vials at 4°C until analysis.

RESULTS AND DISCUSSIONS
I. Effect of the Buffer pH
To invesitage the effect of buffer pH on the migration
behavior, experiments were performed using the running
buffers 20 mM borate-NaOH with various pH (9.00-11.00).
The effect of buffer pH on the migration time of 5 bromophenols was shown in Figure 2. The results indicated that
the migration time increased with the increase of buffer pH
from 9.00 to 10.50 and hardly changed from 10.50 to 11.00.
Besides, as can be seen from Figure 2 that the peak orders of
the 4-BP, 2,4-DBP and 2-BP were inverted with the increase
of buffer pH. All of the compounds under investigation have
weakly acidic hydroxyl groups so CZE at high or moderate
pH might be suitable for their seperation. The pKa values
in water of 4-BP, 2,4,6-TBP, 2,4-DBP, 2-BP and 2,6-DBP
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in water are 9.36, 6.10, 7.80, 8.29, 6.60, respectively(25-28).
Therefore, 2,4,6-TBP and 2,6-DBP are fully deprotonated
in the pH range considered. The results indicated that the
migration time of 2,4,6-TBP and 2,6-DBP increased at basic
pH. The reason could be that the complex formation between
borate and hydroxyl groups of 2,4,6-TBP and 2,6-DBP was a
strongly pH-dependent equilibrium(29). With the increase of
buffer pH, the negative charges of 4-BP, 2,4-DBP and 2-BP
increased, which resulted in the invertion of the peak orders
and the increase of the migration time. Consequently, Taking
account of the resolution and analytical time, pH of 10.00
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Figure 2. Effect of pH on the migration time. Analytical conditions: 20 mM borate buffer. voltage, 30 kV; temperature, 25°C; UV
monitoring at 280 nm. 1: 4-BP; 2: 2,4,6-TBP; 3: 2,4-DBP; 4: 2-BP; 5:
2,6-DBP.

1
2
1

4+5

3

40 mM

4+5
23

1

0

1

2

3

4

30 mM

4
23 5

4
5
23

50 mM

4+5
2 3

1

20 mM

10 mM

5

6

To understand the effect of buffer concentration on
migration behavior, the running buffer consisting of sodium
tetraborate at various concentrations (10, 20, 30, 40 and
50 M) at pH 10.00 were tested. The result was shown in
Figure 3. The migration time and resolution of five analytes
increased with an increase of the concentration of running
buffer. This was resulted of the decreased electroosmotic
flow since this effect is directly related to the decrease of
the zeta potential at the capillary wall-solution interface(30).
Additionally, the higher the running buffer concentration,
the stronger the complex formation between borate and the
naturally occurring compounds in the extract. Moreover, the
increase of the migration time for each analyte was almost
the same so that the migration order did not alter. However,
the separation became worsen as the buffer concentration
increased to 30 mM and 2-BP and 2,6-DBP co-migrate.
The best resolution was achieved at 20 mM borate buffer, in
which the five analytes were completely separated under the
optimal conditions described above.
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Figure 3. Effect of the buffer concentration on the migration time.
Analytical conditions: Borate buffer at pH 10.00. Other conditions
were similar to Figure 2. 1: 4-BP; 2: 2,4,6-TBP; 3: 2,4-DBP; 4: 2-BP;
5: 2,6-DBP.

The high voltage was necessary for rapid CE analysis.
It was found that the resolutions of five bromophenols were
not improved with the applied voltage ranging from 10 kV to
30 kV. However, the migration time increased when a lower
voltage was applied. 30 kV was thus used as the running
voltage.
From the above results, the best condition was obtained,
an electrolyte containing 20 mM borate at pH 10.00. The
applied voltage was 30 kV. Figure 4 showed the CE electropherogram of a mixture of five bromophenols (4-BP, 2,4,6TBP, 2,4-DBP, 2-BP and 2,6-DBP).
IV. Linearity, Reproducibility, Detection Limit and Recovery
Calibration curves (peak area, y, vs. concentration, x
(µg/mL)) were constructed in the range of 18.8 - 1200 µg/mL
for 4-BP, 15 - 960 µg/mL for 2,4,6-TBP, 9.4 - 600 µg/mL for
2,4-DBP, 10.6 - 680 µg/mL for 2-BP and 3.0 - 370 µg/mL for
2,6-DBP. The regression equation of these curves and their
correlation coefficients were calculated as follow: 4-BP: y
= 0.0713 x – 0.5503 (r = 0.9990); 2,4,6-TBP: y = 0.059 x +
0.4793 (r = 0.9998); 2,4-DBP: y = 0.0942 x + 0.2725 (r =
0.9997); 2-BP: y = 0.1418 x + 0.2285 (r = 0.9999; 2,6-DBP: y
= 0.1183 x + 0.8094 (r = 0.9989). The detection limits (S/N
= 3) of 4-BP, 2,4,6-TBP, 2,4-DBP, 2-BP and 2,6-DBP were
1.6, 1.9, 1.2, 0.9 and 1.4 µg/mL, respectively. The quantitative limits (S/N = 10) of 4-BP, 2,4,6-TBP, 2,4-DBP, 2-BP and
2,6-DBP were 5.6, 7.0, 3.9, 3.5 and 3.0 mg/µL, respectively.
The method was validated for reproducibility of the
migration time and the peak area of the analytes. The relative standard deviations (RSD) of the migration time and
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Figure 4. Chromatograms of a mixture of bromophenols, seafood and freshwater foods. Analytical conditions: 20 mM borate buffer at pH 10.00.
Other conditions were similar to Figure 2. 1: 4-BP; 2: 2,4,6-TBP; 3: 2,4-DBP; 4: 2-BP; 5: 2,6-DBP.

Table 1. Contents of five bromophenols in T. curvirostris, L. microptera, M. nipponense and Crucian (n=3).
Samples

Contents (ng/g)
4-BP

2,4,6-TBP

2,4-DBP

2-BP

2,6-DBP

T. curvirostris

3.9

2.5

7.3

ND

0.6

M. nipponense

ND

ND

ND

ND

ND

L. microptera

ND

1.4

1.6

3.9

0.6

C. auratus var. Pengzesis

ND

ND

ND

ND

ND

the peak area of each peak were determined for six replicate injections. The intra-day reproducibility (n = 6) of the
migration time and the peak area of the analytes were lower
than 2.1 and 4.9% of RSD, respectively, while the inter-day
reproducibility (n = 6) of the migration time and the peak
area of the analytes lower than 3.9 and 5.1% of RSD, respectively. Accuracy of the method was determined by spiking
three different amounts of the analytes (20, 100 and 500 µg/
mL) to seafood extracts. The recoveries of 4-BP, 2,4,6-TBP,
2,4-DBP, 2-BP and 2,6-DBP were 94 - 97%, 92 - 103%, 95 103%, 98 - 100% and 92 - 99%, respectively.
V. Determination of the Bromophenols in the Extract of
Seafood and Freshwater Fish and Crustaceans
The acetonitrile solutions of the extracts of T. curvirostris, L. microptera, M. nipponense and C. auratus var.
Pengzesis were injected directly and separated under the
optimum conditions, mentioned above. Each sample was
injected in triplcate. Concentration of each bromophenol in
the samples was calculated based on the peak area in the

electropherograms and the standard equation. The analytical
results were summarized in Table 1. No bromophenol was
detected in M. nipponense and C. auratus var. Pengzesis. The
concentrations of 4-BP, 2,4,6-TBP, 2,4-DBP and 2,6-DBP in
T. curvirostris were 3.9, 2.5, 7.3 and 0.6 ng/g, respectively.
The contents of 2,4,6-TBP, 2,4-DBP, 2-BP and 2,6-DBP in
L. microptera were 1.4, 1.6, 3.9 and 0.6 ng/g, respectively.

CONCLUSIONS
The results demonstrated that the proposed CZE method
is very suitable for fast determination of bromophenols in
the extract of seafood. In addition, the method promises to
be applicable to the quality control of seafood and, since
analysis time and cost are much lower than those of LC and
GC-MS(12,13), CZE is a good alternaive for food analysis.
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